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1. EXPERIMENTAL CHARACTERIZATION AND SPECTROSCOPY

1.1. Pump-Probe scheme and spatial modulation microscopy supplementary details

As explained in the main text, a typical pump-probe scheme was used for the optical investigation. The position
of both beams, pump and probe, at the sample was modulated simultaneously using a piezoelectric flexure mirror
similar to previous works1,2. Our probe was chromatically selected from a supercontinuum source with a 9.2 ps pulse
duration and tightly focused on the target antenna. Another synchronized beam fixed at a 1060 nm wavelength acted
as the pump beam.

Within the spatial-modulation measurement scheme, the probe beam is position-modulated with an amplitude δx
(illustrated in Fig. S1) to derive the normalized spatial modulation transmission of the single antenna, namely:

(
−∆T

T

)
SMM

= −
T sys
SMM − T stack

SMM

T avg
SMM

, (S1)

with T sys
SMM being the transmission of the sample in presence of the pumped antenna, T stack

SMM the one of the pumped
bare VO2 layer and T avg

SMM the average between these two transmissions. The subscript SMM suggests the Spatial
Modulation Microscopy technique employed here. We modulated the probe beam by an optical chopper and demod-
ulated the direct output from the collection photodetector to obtain T avg

SMM using a dual-channel lock-in amplifier.
The modulation −∆T was demodulated simultaneously from T avg

SMM with the frequency of the vibrating mirror by
the same lock-in amplifier. As a result we obtained the (−∆T/T )SMM as normalized transmission change due to the
presence of an antenna. Since the antenna’s geometrical cross section is very tiny (about 0.03 µm2) as compared to
the probe beam size (> 1 µm2), the spatial perturbation ∆T from the antenna’s appearance on the average substrate
transmission T avg

SMM of the probe is around 1%.

FIG. S1: Sketch of the single antenna system. The black, green and pink arrows represent the incident electric field,
the incident wavevector and the spatial modulation directions of the probe laser, respectively.

Figure S2 shows a more detailed overview of the experimental setup used for the experiments. An Ytterbium fibre
laser (Fianium) with pulse picker produces pulses at a repetition rate between 0.1 - 20 MHz. The output is split into
two outputs which are sent to separate amplifier stages. One of the outputs is coupled to a supercontinuum fibre and
used to produce a broad spectrum spanning 380 nm - 2400 nm. A subtractive mode double-prism monochromator is
used to disperse and relay the spectrum using a 10-cm focal length lens pair. A scanning stage with prism positioned
in the intermediate focal plane is used to select individual spectral components with a bandwidth of around 2% of the
centre frequency. The 1060 nm optical pump is sent through a variable delay stage with corner cube retroreflector
and is combined with the probe using a 1100 nm longpass dichroic beamsplitter. This limits the spectral detection to
the wavelength range from 1100 - 1800 nm. A Cassegrain microscope objective of numerical aperture (N.A.) of 0.5
is used to focus both pump and probe onto the sample in a diffraction-limited spot. Transmitted light is collected
using a lens with the same aperture and is detected using an extended InGaAs photodiode. A piezo mirror is used to
produce a period modulation of the beam tilt which is translated into a spatial movement of the focus on the sample
at a frequency of around 200 Hz. A lock-in amplified is used to demodulate the second harmonic of this frequency,
providing access to the second spatial derivative of the transmission function ∆T , defined by the convolution of
the Gaussian beam profile and the antenna. The probe beam is modulated using an optical chopper to obtain a
simultaneous value for the transmission T of the probe.
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FIG. S2: Experimental setup consisting of supercontinuum light source with dual output, subtractive-mode prism
wavelength selector, motorized pump delay stage, piezo tilt mirror, and transmission microscopy setup.

1.2. Complex refractive index of the VO2 film

Variable-angle spectroscopic ellipsometry taken on a bare film of VO2 at room temperature (θ = 30◦C) allowed the
experimental determination of the spectral dependence of the complex refractive index of the VO2 in its dielectric
phase (see Fig. S3). The same technique applied to the bare VO2 film after heating it up above the phase transition
temperature (namely at θ = 88◦C) provided the dispersive complex refractive index for the VO2 in its metallic phase
(see Fig. S3). These experimental values are then available as input parameters for the calculations performed in the
present work as described in Supplementary Section 2.1.

A B

FIG. S3: (A) Real and (B) imaginary part of the experimental refractive index of VO2 in its (blue curves) dielectric
and (red curves) metallic phase.
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2. THEORETICAL CALCULATIONS OF THE PUMPING EFFECT AND THE AuNA-VO2 HYBRID CROSS SECTION

2.1. Geometrical and Optical characterization of the AuNA-VO2 hybrid model

To obtain the theoretical results shown in Figs. 2, 3, 4 and 5 of the main text and in Figs. S7, S8, S9 and S10 of
this Supplementary Information material, we exploited Finite-Element-Method (FEM) simulations. First, we used
a combination of electrodynamical and heat-dynamical calculations to determine the spatial value of the complex
VO2 pemittivity around the nanoantennas (NAs). Then, by employing this spatial distribution, we obtained the NA
transmission via pure electromagnetic spectral calculations. The former and latter steps are intended to simulate the
pumping and probing process, respectively.

According to the experimental setup we modelled the antenna-VO2 hybrid system as isolated gold nanoantennas
on a stack composed by 50 nm-thick VO2 layer lying on a 30 nm-thick FTO layer, in turn, standing on top of a
boroaluminosilicate glass substrate and surrounded by air. The boroaluminosilicate glass was treated like a silica
glass from the theoretical viewpoint. Following the experimental characterization, we chose the nanoantennas to
be 50 nm in height, including a Ti antenna basement of 5 nm and the remaining 45 nm of gold. All NA lengths
(Ls) were taken 20 nm smaller than the experimental ones and the width (W) around 120 nm, in order to improve
agreement in the optical resonance positions. This small difference lies within the experimental accuracy of the e-
beam nanofabrication. The rectangular shape with rounded corner, as well as the size, was chosen to best match the
topological (see the SEM images displayed in the inset of Figs. 3A and 4A of the main text) and optical features of
the experimental nanoantennas. The rounding radius of the corners is equal to 25 nm.

For the optical characterization, the refractive index of the glass substrate was taken equal to 1.45, while the
complex permittivity of the nanoantennas was obtained from an interpolation of the experimental data of gold, by
Johnson and Christy3, and titanium, by Nitta and Ayhara4. The complex refractive index of the FTO was calculated
from a Drude model with the fit parameters inferred by Dominici et al.5. For describing the optical properties of
the VO2 we set up a scalar complex permittivity (ε̃V O2

) dependent on both the wavelength (λ) and the temperature
(θ), namely:

ε̃V O2(λ, θ) = Θ2

(
[θc − 10◦C, θc + 10◦C],

[
ε̃DVO2

(λ), ε̃MVO2
(λ)
])

(S2)

where Θ2 is the smoothed Heaviside step function with a continuous second derivative, θc is the VO2 critical tempera-
ture (≈ 68◦C), and ε̃DVO2

(λ) and ε̃MVO2
(λ) are the VO2 dielectric and metallic complex permittivity, respectively. The

3D plot of the real and imaginary part of ε̃V O2
(λ, θ) is displayed in Figs. 2C and 2D of the main text, respectively.

As shown in Fig. S4 for some exemplificative wavelengths, this smoothed Heaviside step function defines the behavior
of the ε̃V O2

(λ, θ) in the temperature range [θc − 10◦C, θc + 10◦C] = [58◦C, 78◦C], namely when passing from the
dielectric value (ε̃DVO2

(λ) for θ 658◦C) to the metallic one (ε̃MVO2
(λ) for θ >78◦C). The permittivities ε̃DVO2

(λ) and

ε̃MVO2
(λ) were obtained by using the experimental curves of the complex refractive index of VO2 in the dielectric and

metallic phase, respectively (see Supplementary Section 1.2), through the relation:

ε̃ = (εR + iεI) = ñ2 = (n+ ik)2, (S3)

where εR and εI are the real and imaginary part, respectively, of the scalar complex permittivity ε̃, and n and k the
real and imaginary part, respectively, of the corresponding scalar complex refractive index ñ. Fig. S5 reveals how the
spectral dependence of the VO2 permittivity varies when passing form θ 658◦C to θ >78◦C by showing ε̃V O2

at some
sampling temperatures.

Both the pumping and probing laser were modelled as plane-waves impinging onto the sample normally to the
VO2 surface. The orientation of the electric field of the pumping laser changes from parallel (‖, θ̃ = 0◦) to perpendicular

(⊥, θ̃ = 90◦) to the NA length, where θ̃ is the angle with respect to the NA length direction (see Fig. S6A). The
electric field of the probing plane-wave lies along the length of the NA (see Fig. S6B).

2.2. Combination of electrodynamics and heat-dynamics for calculating the antenna-mediated pumping effect on the
VO2 film

Two-steps FEM simulations have been performed via the COMSOL Mutiphysics software6 to infer the regions
inside the VO2 film where the pumping-induced change in optical properties occurs.

In the first step, an one-frequency optical simulation is carried out to obtain the total electric field in the system,
which is necessary to know the absorption distribution. This is realized through the use of the “Electromagnetic
Waves, Frequency Domain” interface in the “RF” COMSOL module and a “Frequency Domain Study”. According to
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A B

FIG. S4: (A) Real and (B) imaginary part of the used VO2 permittivity as a function of the temperature (θ) for
different wavelengths (λ). The vertical lines are cuts at specific temperatures, namely at θ = 58◦C, 63◦C, 68◦C,
73◦C and 78◦C for lines from left to right (from blue to red). The envelope of these cuts with the wavelengths is

shown in Fig. S5. The shadowed blue and red area represent the temperature range where the VO2 behaves like a
dielectric or a metal, respectively.

A B

FIG. S5: (A) Real and (B) imaginary part of the used VO2 permittivity as a function of the wavelength (λ) for
different temperatures (θ). The vertical lines are cuts at specific wavelengths, namely at λ = 600 nm, 900 nm,

1200 nm, 1500 nm and 1800 nm for lines from left to right (from magenta to orange). The envelope of these cuts
with the temperature is shown in Fig. S4.

the features of the laser used in the experiments, the wavelength and intensity of the incoming plane-wave, impinging
normally on the film-substrate stack, were set to be 1060 nm and Epump(nJ)× 3.08 · 107 W cm−2, respectively, where
Epump(nJ) is the energy of the pump laser in nJ. What is actually calculated, and inserted in the diffusion equation
of the second-step, is the heat power density relative to each discretized element of the simulation domain, calculated
by virtue of the formula7

qh =
ω

2
ε0 Im{ε̃} | ~E|2, (S4)

where ω is the frequency of the pumping radiation, ~E the total electric field vector in the concerned point, ε0 and ε̃
the vacuum and local complex permittivity (as in all our discussion, we refer to the local or medium permittivity as
the relative dimensionless permittivity).

In the second step, we took the previous-calculated absorption distribution and we considered each absorbing point
in the system as a heat source. By solving the heat diffusion equation we could know the temperature spatial map
and, thereby, the permittivity of the VO2, ε̃V O2

(λ, θ) (see Eq. (S2)), in each point of the film at the time the probing is
performed. Technically, we utilized the “Heat Transfer in Solids” interface in the “Heat Transfer” COMSOL module
and a “Time Domain Study”. The time-dependent diffusion equation takes on the form

ρCp
∂θ

∂t
− k∇2θ = qh, (S5)

where ρ, Cp and k are the density, heat capacity at constant pressure and thermal conductivity of the material in
each point, θ is the temperature, t the independent time variable and qh the heat power density at each point. The
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A B

FIG. S6: Sketch of the used (A) pumping and (B) probing scheme. The SiO2 substrate, the FTO film, the VO2 film,
the Ti antenna basement and the Au nanoantenna are displayed in cyan, black, dark grey, light grey and yellow,

respectively (the Ti basement can be better seen in figure S1). The orientation of the pumping and probing electric

field ~E is shown by means of the magenta and black arrows, respectively, whereas the propagation is indicated
through the green arrow representing the wavevector ~q.

values of ρ, Cp and k for Au, Ti, VO2, FTO, SiO2 and air, were inferred from three seminal handbooks4,8,9 and are
encased in Tab. S1. Note that an overall latent heat of 54147 J/kg is considered for the VO2 IMT by increasing the
Cp value of the vanadium dioxide in a temperature window of 2◦C around θc

10,11.

Material ρ
[
g/cm3] Cp [J/(kg·K)] k [W/(m·K)]

air 1.2041 ·10−3 1005 0.0257

Au 19.3 129 317

Ti 4.5 522 21.9

VO2 4.34
690 (θ < 339K ∨ θ > 341K)

27763.5 (339K ≤ θ ≤ 341K)
6

FTO 6.9 363 98

SiO2 2.203 703 1.38

TABLE S1: Density (ρ), heat capacity at constant pressure (Cp) and thermal conductivity (k) of the various
materials composing our system: gold (Au), titanium (Ti), vanadium dioxide (VO2), Fluorine doped Tin Oxide

(FTO), silica (SiO2) and air.

As to qh, all the absorbing points inside the system were seen as sources of heat that are active for 10 ps: this is the
estimated time of illumination of the pumping-laser, after which the system is let to evolve and optically recorded
at the probing-time, i.e., 40 ps from the pumping switching-off (50 ps after the beginning of the pumping-probing
measurement/simulation). The use of the stationary solution of the electric field in formula (S4) is justified as the
optical cycle of the plasmon excitation is of the order of the femtoseconds, whereas the heat diffusion time-window
investigated in this study spans over many picoseconds. Moreover, even if in principle all the (absorbing) VO2 film
can be considered as a heat source, the contributions of qh more than a few hundred nanometers away from the
antenna can be neglected in the picosecond time regime because of the low value of the thermal conductivity of the
VO2 (see Tab. S1), which shifts the significant time-scale for the diffusion in the VO2 towards bigger values than
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the considered tens of picoseconds. By running the simulations, we have obtained the heat power density, reported
in Figs. S11A, S11B and Figs. S11C, S11D for the 312 nm and 222 nm long NA, respectively, and the temperature
distribution around the nanoantennas at the probing-time, as depicted in Figs. 2A, 2B and Figs. 4E, 4F of the main
text for the 312 nm and 222 nm long NA, respectively.

2.3. Fully electromagnetic calculation of the probing spectra of the AuNA-VO2 hybrid

The same COMSOL Mutiphysics software6 was also used to calculate the normalized differential transmission of
the single antenna (−∆T/T )th after the pumping process.

First, apart from the reference cases where the pumping laser is not applied, we inserted the pumping effect in the
system by choosing the permittivity of the VO2 (see Eq. (S2)) on the ground of the temperature map attained by
the heat-diffusion calculation (see Supporting Section 2.2). As an example, the obtained after-pump map of the VO2

permittivity value around the 312 nm long nanoantenna is displayed in Figs. 2E and 2F of the main text.
Therefore, a sweep of one-frequency simulations was run to retrieve the total electric field in the system for each

concerned wavelength, which is necessary to calculate the (−∆T/T )th in the studied spectral window. This was
realized through the use of the “Electromagnetic Waves, Frequency Domain” interface in the “RF” COMSOL module
and a “Frequency Domain Study”, which determine the electromagnetic field in the simulation domain. In order to
theoretically obtain the normalized differential transmission, we had to define the transmission T of the AuNA-VO2

hybrid. By knowing the electromagnetic field on a plane placed 50 nm below the VO2 film and integrating the
time-averaged Poynting vector on it, we retrieved the transmission through the formula:

T =

∫
A

1

2
Re
{
~̃E∗ × ~̃H

}
· n̂A dA

P0
, (S6)

where A is the area of the plane, P0 the power of the incident radiation over the same area, n̂A the plane-normal

unitary vector, ~̃E and ~̃H the complex electric and magnetic field vectors recorded on the plane, respectively. The size
of the plane was chosen to be (L + λmax/2) × (W + λmax/2), where λmax is the maximum simulated wavelength,
i.e., 2000 nm (see following). The distance between the plane and the AuNA-VO2 hybrid as well as the size of the
plane were chosen in such a way to gather most of the transmitted light (bigger sizes or smaller distances produce
differences less than 1%).

According to the definition of (−∆T/T )SMM (see formula (S1) in Supplementary Section 1.1) and by knowing
the transmission of the system with the antenna (T sys

th ) and without the antenna (T stack
th ), i.e., of the sole stack

SiO2-FTO-VO2-air in the latter case, we calculated the theoretical normalized differential transmission of the single
antenna through the formula: (

−∆T

T

)
th

= −
T sys
th − T stack

th

(T sys
th + T stack

th )/2
. (S7)

where the subscript th suggests that simulations are employed here. Note that T stack
th is calculated in the same way as

the one of the hybrid, namely the stack first undergoes the pumping process, under the same pumping light conditions
of the respective hybrid, so to infer the temperature distribution in the VO2 film. Thus, this temperature distribution
is used to select the permittivity of the film in each point and calculate the transmission through the formula (S6).

The obtained theoretical normalized differential transmission (−∆T/T )th and the experimental normalized spatial
modulation transmission (−∆T/T )SMM are linked by proportional factors connected to the characteristics and setup
of the experimental rig. Since the determination of these factors goes beyond the purpose of this article, we carried
out only a qualitative comparison between the experimental and theoretical results, on the basis of the following
relation: (

−∆T

T

)
th

∝
(
−∆T

T

)
SMM

. (S8)

Moreover, we found that, since the angular aperture of the optical objective is around 30◦, the actual signal
measured by the experimental setup is the forward scattering of the antenna in the far-field. In order to replicate the
measurements, computationally one should set a collecting monitor far away from the antenna (at least 20µm) and
collecting only the radiation coming from the antenna under an angle of 30◦ (≈20◦ if the monitor is placed inside
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the SiO2, considering Snell’s law) around the forward direction. However, since this kind of setup is highly memory-
demanding from the simulation viewpoint (at least a few hundreds Gigabytes of RAM are needed), we decided to
record all the forward radiation for calculating the transmission and to neglect the effect of the finitude of the optical
objective. This explains the difference between the experiments and the simulations, especially in the red part of the
spectra where the experimental results show a negative and pump-decreasing tale.

The calculations were performed over the concerned wavelength window [1000-2000] nm, with a wavelength step of
20 nm.

Finally we address some notes on the meshing of the models. In all the simulations, the general mesh was chosen
such that the linear size of each tetrahedral element inside the simulation domain was smaller than λmin/10, where
λmin is the minimum simulated wavelength (i.e., 1000 nm). The maximum linear size of the tetrahedral element
inside the FTO layer, the VO2 layer and the gold nanoantenna were set to be 25 nm, 25 nm and 10 nm, respectively.
In addition, to properly simulate the regions in the VO2 addressing the highest gradients of temperature and, in turn,
permittivity change, a box was set inside the VO2 under the antenna. This box is characterized by a size (length ×
width × depth) of (L+ 30 nm) × (W + 30 nm) × 15 nm and a maximum linear size of the tetrahedral element inside
it of 3 nm. These mesh conditions were verified to satisfy simulation convergence.

2.4. Longitudinal and Transversal LSP of the studied antennas

Different shift/damping of the (−∆T/T )th (and (−∆T/T )SMM) and different VO2 hot-spots are found both when
the pump polarization and when the antenna length are changed. To understand these behaviors, we simulated the
normalized differential transmission for probe polarization both parallel and perpendicular to the antenna length,
under no pump and for both a 312 nm and a 222 nm long antenna. The results, shown in Fig. S7, reveal the
spectral position and relative intensity of both the longitudinal and the transversal mode of the LSP featured by the
antennas (peak of the black and orange curve, respectively), obtained for parallel and perpendicular probe polarization,
respectively. To include the transversal LSP mode the simulation wavelength range was extended in the blue part,
namely it was [500-2000] nm.

A B

FIG. S7: Simulated normalized differential transmission spectra (−∆T/T )th of a (A) 312 nm and (B) 222 nm long
antenna under no pump and for probe polarization (‖, black curve) parallel and (⊥, orange curve) perpendicular to

the antenna length.
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2.5. Effect of the Fluorine doped Tin Oxide (FTO) layer

In this section we study the effect of the FTO layer on the system in terms of its influence on the (−∆T/T )th
spectra. To this aim, we compared the experimental results with the calculated curves provided by the simulations of
the system and the system without the FTO layer for a 312 nm long nanoantenna (shown in Fig. S8). The third case
is obtained by using the same simulation procedure explained in the previous sections but eliminating the FTO layer
from the model. From the comparison of the curves (Figs. S8A-S8C), we can conclude that the FTO is responsible
for a blue-shift and suppression of the plasmon peak as well as for increasing the (−∆T/T )th in the red part of the
concerned wavelength window (i.e., above 1700 nm). This is due to the onset of the absorption ascribable to the
intraband transitions in the FTO, which begins to be significant for wavelengths greater than 1600 nm5,12. Indeed,
the screened plasma wavelength of the FTO locates at around 1800 nm5. For this reason, the effect on the plasmon
of a 222 nm long nanoantenna (shown in Figs. S8D-S8F) turns out to be smaller: in this case, the plasmon peak of
the 222 nm long nanoantenna lies further from the FTO screened plasma wavelength than the the plasmon of the
312 nm long nanoantenna, leading to less interaction between the two excitations.

A B C

D E F

FIG. S8: (A, D) measured (−∆T/T )SMM and (B, C, E, F) calculated (−∆T/T )th as a function of the wavelength
for both a (A, B, C) 312 nm and (D, E, F) 222 nm long antenna. The calculated curves refer to the simulation

either of the (B, E) system or of the (C, F) system without the FTO layer. The behavior under (black curves) no
pump is compared to the one under (blue curves) ‖ pump and (red curves) ⊥ pump. The pump laser is

characterized by a wavelength of 1060 nm and an energy of 0.6 nJ. All the presented measurements and simulations
are performed with a repetition rate of 1 MHz and an initial sample temperature of about 45◦C.
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2.6. Complete sets of (−∆T/T )SMM and (−∆T/T )th vs. wavelength curves for different pump energies

The curves presented in Figs. 3 and 4 of the main text are actually subsets of the measured and simulated curves.
In this section we show all the measured (−∆T/T )SMM and calculated (−∆T/T )th vs. wavelength curves obtained
for different pump energies (Figs. S9 and S10). The results refer to both parallel and perpendicular polarization of
the pump laser and to both a 312 nm and a 222 nm long antenna system.

A B

C D

FIG. S9: (A, C) measured (−∆T/T )SMM and (B, D) calculated (−∆T/T )th as a function of the wavelength for
different pump energies, namely (black curves) no pump, (orange curves) 0.2 nJ, (red curves) 0.4 nJ, (blue curves)

0.6 nJ, (magenta curves), 0.8 nJ and (cyan curves) 1 nJ pump. All curves refer to a 312 nm long antenna. The
pump laser is characterized by a wavelength of 1060 nm and a (A, B) parallel or (C, D) perpendicular polarization
with respect to the antenna length. The green line indicates the 1450 nm wavelength of interest in Figs. 2 and 3 of
the main text. All the presented measurements and simulations are performed with a repetition rate of 1 MHz and

an initial sample temperature of about 45◦C.
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A B

C D

FIG. S10: (A, C) measured (−∆T/T )SMM and (B, D) calculated (−∆T/T )th as a function of the wavelength for
different pump energies, namely (black curves) no pump, (orange curves) 0.2 nJ, (red curves) 0.4 nJ, (blue curves)

0.6 nJ, (magenta curves), 0.8 nJ and (cyan curves) 1 nJ pump. All curves refer to a 222 nm long antenna. The
pump laser is characterized by a wavelength of 1060 nm and a (A, B) parallel or (C, D) perpendicular polarization

with respect to the antenna length. The green line indicates the 1350 nm wavelength of interest in Fig. 4 of the
main text. All the presented measurements and simulations are performed with a repetition rate of 1 MHz and an

initial sample temperature of about 45◦C.
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2.7. Colormaps of the heat power density for both antenna lengths and both pump polarizations

The colormaps of the heat power density in the system (qh) during pumping, directly related to the absorbed energy
density, are reported (see Eq. (S4)). The heat power density along with the heat flow phenomenon determine the
temperature of the system, and, in turn, the permittivity of the VO2, at the probing time, as revealed by Eq. (S5).
Results for a 312 nm long antenna under pump laser polarized both parallelly and perpendicularly to the antenna
length are displayed in Figs. S11A and S11B, respectively. When compared to the colormaps of Figs. 2A and 2B of
the main text, respectively, a similar pattern is found, namely, regions with high temperature are located where high
energy absorption takes place. Results for a 222 nm long antenna are also shown in Figs. S11C and S11D (to be
compared with Figs. 4E and 4F of the main text, respectively).

A B

C D

FIG. S11: Colormap of the heat power density in the system during pumping for both a (A, B) 312 nm and a (C, D)
222 nm long antenna. The maps refer to a pumping wavelength of 1060 nm and a pump polarization both (A, C)

parallel and (B, D) perpendicular to the antenna length.
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2.8. Complete sets of (−∆T/T )SMM vs. pump energy curves

For both the 312 nm and 222 nm long single-antennas, the dependence of the measured (−∆T/T )SMM response
was obtained at three different wavelengths. Fig. S12 shows the results for the 312 nm antenna at three wavelengths
of 1364 nm, 1450 nm and 1548 nm. The 1450 nm result is also shown in Fig. 3C of the main text. The results refer
to both parallel (blue) and perpendicular (red) polarization of the pump laser. Fig. S13 shows results for the 222 nm
nanoantenna.

FIG. S12: Measured (−∆T/T )SMM as a function of the pump energy at three different probe wavelengths and for ||
pump (blue curve) and ⊥ pump (red curve). These results refer to a 312 nm long antenna.

FIG. S13: Measured (−∆T/T )SMM as a function of the pump energy at three different probe wavelengths and for ||
pump (blue curve) and ⊥ pump (red curve). These results refer to a 222 nm long antenna.

2.9. Radiation patterns of a single 222 nm long antenna under no pump

To obtain the maps presented in Figs. 5C and 5D of the main text, it is necessary to know how the radiation
pattern of the system changes when an antenna is introduced. In our system, the radiation pattern of interest is
revealed by the z-component of the Poynting vector, which gives us the direction of propagation perpendicular to
both the antenna and the detector. In Fig. S14 the colormap of this z-component of the Poynting vector, normalized
to the impinging intensity I0, is displayed for the system with a 222 nm long antenna (Pz, Figs. S14A and S14C)
and without it (Pz,sub, Figs. S14B and S14D), both under no pump. The results are presented for two different
wavelengths, 1300 nm (Figs. S14A and S14B) and 2000 nm (Figs. S14C and S14D), which correspond to a wavelength
where the (−∆T/T )th is positive and negative, respectively (see Fig. 5A in the main text). The reported XZ plane
refers to a plane parallel to the antenna length and passing through the middle of the antenna width.
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FIG. S14: Calculated z-component of the Poynting vector of the system (A, C) with the antenna, Pz, and (B, D)
without the antenna, Pz,sub, at a wavelength of (A, B) 1300 nm and (C, D) 2000 nm. The quantities are normalized
to the intensity of the probing laser (I0). The XZ plane refers to a plane parallel to the antenna length and passing

through the middle of the antenna width. The maps are obtained under no pump, namely when the VO2 film is
completely dielectric. The green line and the white rectangle mark off the edge of the detector and of the antenna,

respectively. The colorscale for the maps corresponding to the same wavelength is the same for better visual
comparison.
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2.10. Additional experimental results for single antennas and dimers

The experimental antenna results shown in the main text are representative of the general behaviour of antennas.
This is confirmed by experimental results obtained on a number of different antennas as shown in Figs. S15 and S16.
The antennas under study include individual nanorods of 250 nm and 368 nm in length and dimer antennas of 245 nm
and 290 nm in length with gaps in the range 20-30 nm.

A

B

C

D

E

F

FIG. S15: Measured response of AuNA-VO2 system, for single antennas with dimensions of 250 nm x 103 nm x 50
(A-C) nm and 368 nm x 103 nm x 50 nm (D-F) (L x W x H). Inset of (A, D) show the SEM image of the antennas.

(A, D) Normalized spatial modulation transmission (−∆T/T )SMM as a function of the probing wavelength for
conditions of no pump (black), parallel pump (||, blue curve) and perpendicular pump (⊥, red curve). The pump

laser is characterized by a wavelength of 1060 nm and an energy of 0.6 nJ. The green line indicates the probing light
wavelength considered in plots (B, C, E, F). (B, E) Measured T/T0 as a function of the pump energy at selected

probe wavelength and for || pump (blue curve) and ⊥ pump (red curve). (C, F) Measured (−∆T/T )SMM as a
function of the pump energy at selected probe wavelength and for || pump (blue curve) and ⊥ pump (red curve).

Magenta lines in (B, C, E, F) indicate the pump energy of 0.6 nJ considered in (A, D). All measurements are
performed at a repetition rate of 1 MHz and sample base temperature of 45◦C.
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FIG. S16: Measured response of AuNA-VO2 system, for dimer antennas with individual rod dimensions of 245 nm x
103 nm x 50 nm (A-C) and 290 nm x 103 nm x 50 nm (D-F) (L x W x H). The gap is either 20 nm (A-C) or 30 nm
(D-F). Inset of (A, D) show SEM images of the antenna dimers. (A, D) Normalized spatial modulation transmission

(−∆T/T )SMM as a function of the probing wavelength for conditions of no pump (black), parallel pump (||, blue
curve) and perpendicular pump (⊥, red curve). The pump laser is characterized by a wavelength of 1060 nm and an

energy of 0.6 nJ. The green line indicates the probing light wavelength considered in plots (B, C, E, F). (B, E)
Measured T/T0 as a function of the pump energy at selected probe wavelength and for || pump (blue curve) and ⊥
pump (red curve). (C, F) Measured (−∆T/T )SMM as a function of the pump energy at selected probe wavelength
and for || pump (blue curve) and ⊥ pump (red curve). Magenta lines in (B, C, E, F) indicate the pump energy of

0.6 nJ considered in (A, D). All measurements are performed at a repetition rate of 1 MHz and sample base
temperature of 45◦C.
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